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SEMICONDUCTOR INTEGRATED CIRCUIT 
AND NON-CONTACT INFORMATION MEDIUM 

TECHNICAL FIELD 

5 The present invention relates to a semiconductor integrated circuit and a non-contact 

information medium equipped with the semiconductor integrated circuit. 

BACKGROUND ART 

In recent years, non-contact information media, such as IC cards (smart cards), have 

10 been put into practical use. Such media supply power via radio waves by utilizing a 
mutual induction effect of coils and transmit/receive data. 

As examples of non-contact information media, non-contact IC cards are broadly 
categorized into close-coupled IC cards, proximity IC cards, vicinity IC cards, and 
microwave IC cards based on the communication distances between the IC cards and 

15 readers/writers for transmitting/receiving radio waves to/from the IC cards. More 
particularly, the close-coupled IC cards have a commxmication distance of 0 through 2 mm, 
the proximity IC cards have a communication distance of 0 through 10 cm, the vicinity IC 
cards have a communication distance of 0 through 70 cm, and the microwave IC cards 
have a communication distance of 0 through 10 m. The international standardization of 

20 each type of the IC cards has been almost prepared. Technical difficulty increases with 
an increase in the commxmication distance. The close-coupled IC cards do not have any 
significant difference in their characteristics jfrom already widely used contact IC cards. 
Therefore, it cannot be said that good use is made of the merits of non-contact IC cards. 
Accordingly, it is proximity non-contact IC cards that are expected to be widely used 

25 immediately after the contact IC cards. 

The proximity IC cards that can be used at a distance of 0 through 10 cm from 
readers/writers may be quite extensively applicable. For example, if the proximity IC 
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cards are used for commuter passes, information exchanges between the proximity IC 
cards and readers/writers in a non-contact manner allow the opening/closing of ticket gates 
of stations to be controlled without the need to take the IC cards out of commuter-pass 
holders at the ticket gates. 
5 In order that the IC cards can extensively be applied, it is significant to make the IC 

cards smaller and lighter. It is expected that the more extensively the IC cards are 
applicable, the less care will be taken in handling the IC cards. Therefore, in view of less 
susceptibility to malfunction from rough handling, non-contact information media, such as 
IC cards, have normally been mounted vsdth semiconductor integrated circuits each 

10 including a complicated circuit in a small area. 

The following performance is demanded for semiconductor integrated circuits for 
non-contact IC cards. Supply voltages required to operate internal digital circuits (logic 
circuits) aiid nonvolatile memories with stability must be generated even at a distance of 
approximately 0 through 10 cm from the readers/writers to the non-contact IC cards, 

15 thereby obtaining stable demodulated signals. More particularly, when the distance 
between a reader/writer and a non-contact IC card is a short distance of 0 cm, i.e., the 
non-contact IC card is very close to the reader/writer, the integrated circuit moxmted in the 
non-contact IC card v^U be broken imless the supply voltage supplied to the internal digital 
circuit and the nonvolatile memory is below specification (for example, 5.5 volts or less for 

20 5-volt tolerant integrated circuits). Furthermore, in order to obtain a stable demodulated 
signal, the input voltage to the demodulation circuit need be prevented from reaching an 
overvoltage. 

DISCLOSURE OF INVENTION 
25 In view of the above, an object of the present invention is to provide a 

semiconductor integrated circuit that can set an input voltage to a demodulation circuit at 
or below an acceptable value and demodulate data with stability independently of the 
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change of the communication distance. This ensures a necessary supply voltage. 

Li order to solve the above problem, a semiconductor integrated circuit of the present 
invention comprises: a supply voltage generator for rectifying a signal received by an 
anteima coil and generating a supply voltage set at a predetermined voltage by a regulator; 
5 and a demodulator, wherein the demodulator comprises: a demodulation circuit for 
demodulating an input signal and outputting the demodulated input signal; a resistor whose 
one end is connected to one end of the antenna coil; a diode whose anode is connected to 
the other end of the resistor and whose cathode is connected to a node located to the input 
end of the demodulation circuit; a first capacitance connected between a node at which the 
10 resistor and the diode are connected to each other and a grounding conductor; and a second 
capacitance connected between a node at which the diode and the demodulation circuit are 
connected to each other and a groimding conductor. 

According to the semiconductor integrated circuit device of the present invention, it 
is possible to provide a semiconductor integrated circuit that prevents an input voltage to 
15 the demodulation circuit from reaching an overvoltage and can demodulate data with 
stability independently of the change of the communication distance. This ensures a 
necessary supply voltage. 

In the semiconductor integrated circuit of the present invention, the resistor is 
preferably formed of a polysilicon interconnect. 
20 This can facilitate fabrication process steps for semiconductor. 

A non-contact information medium of the present invention comprises: an antenna 
coil for receiving an ASK (amplitude shift keying) signal obtained by ASK modulating a 
carrier wave based on digital data; a supply voltage generator for rectifying a signal 
received by the antenna coil and generating a supply voltage set at a predetermined voltage 
25 by a regulator; and a demodulator, wherein the demodulator comprises: a demodulation 
circuit for demodulating an input signal; a resistor whose one end is coimected to one end 
of the antenna coil; a diode whose anode is connected to the other end of the resistor and 
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whose cathode is connected to a node located to the input end of the demodulation circuit; 
a first capacitance connected between a node at which the resistor and the diode are 
connected to each other and a groionding conductor; and a second capacitance connected 
between a node at which the diode and the demodulation circuit are connected to each 
5 other and a grounding conductor. 

This makes it possible to provide a non-contact information medium that prevents an 
input voltage to the demodulation circuit from reaching an overvoltage and can demodulate 
data with stability independently of the change of the communication distance. 

In the non-contact information medium of the present invention, the resistor is 
10 preferably formed of a polysilicon interconnect. 

This can facilitate fabrication process steps for semiconductor. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing an exemplary stmcture of a non-contact IC card. 
15 FIG. 2 is a block diagram showing an exemplary structure of a semiconductor 

integrated circuit mounted in the non-contact IC card. 

FIGS. 3(a) through 3(c) are block diagrams for explaining the operation of a rectifier 
circuit. 

FIG. 4 is a graph showing voltage-current characteristics of a shunt circuit. 
20 FIG. 5 is a block diagram for explaining a semiconductor integrated circuit 

according to an embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

An embodiment of the present invention will be described hereinafter with reference 
25 to the drawings. 

First, a description will be given of an exemplary structure of a non-contact IC card 
mounted with a semiconductor integrated circuit. 



FIG. 1 is a block diagram showing exemplary stmctures of a non-contact IC card 
and a reader/writer. 

A non-contact IC card 60 shown in FIG. 1 comprises an LSI 61 for the non-contact 
IC card 60 (hereinafter, referred to as "integrated circuit 61"), an antenna coil 62, and a 
5 capacitance 63 for tuning (hereinafter, referred to as "tuning capacitance 63"). 

The integrated circuit 61 comprises an analog circuit 70, a logic circuit 71, a memory 
circuit 72, and other components. The antenna coil 62 is connected to pads 90 and 91 of 
the integrated circuit 61. A radio wave 66 delivered from an antenna coil 65 of the 
reader/writer 64 is transmitted/received between the antenna coils 62 and 65. The 
10 antenna coil 62 is connected also to the tuning capacitance 63 as shown in FIG. 1. When 
the antenna coil 62 receives an ASK (amplitude shift keying) signal (a radio wave 66) into 
which a carrier is ASK modulated based on digital data, an alternating voltage is generated 
between , the ends of the antenna coil 62 (between the pads 90 and 91). The altemating 
voltage produced between the ends of the antennal coil 62 is supplied to the analog circuit 
15 70 located in the integrated circuit 61. 

The analog circuit 70 comprises a rectifier circuit 80, a power supply circuit 81, a 
clock generation circuit 82, a demodulator 83B, a modulation circuit 84, and other 
components. In the analog circuit 70, the rectifier circuit 80 and the power supply circuit 
81 produces a supply voltage L for operating the logic circuit 71 and a supply voltage H 
20 for operating the memory circuit 72. 

The clock generation circuit 82 generates a clock CLK using, as an input signal, the 
altemating voltage produced between the ends of the antenna coil 62. The logic circuit 71 
and the memory circuit 72 are operated by the clock CLK. 

Data transmitted/received between the non-contact IC card 60 and the reader/writer 
25 64 are sent while being superposed on a radio wave (altemating voltage). Therefore, 
when the non-contact IC card 60 receives data from the reader/writer 64, data RXDATA 
are obtained by demodulating the data received by the demodulator 83B located in the 
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non-contact IC card 60. On the other hand, when the non-contact IC card 60 transmits 
data to the reader/writer 64, data TXDATA to be transmitted are modulated by the 
modulation circuit 84. 

The data transmitted/received between the non-contact IC card 60 and the 
5 reader/writer 64 as described above are translated by the logic circuit 71. The translated 
data are stored in the memory circuit 72 with their addresses and data specified. The 
stored data are read by designating their addresses. 

FIG. 2 is a diagram for specifically explaining the rectifier circuit 80, the power 
supply circuit 81, the demodulator 83B in the analog circuit 70. 
10 As shown in FIG. 2, an alternating voltage produced between the ends of an antenna 

coil 62 are fed to the rectifier circuit 80 through pads 90 and 91. The rectifier circuit 80 
includes diodes 100 and 101 and serves as a voltage-doubler rectifier circuit. 

The power supply circuit 81 includes a shxmt circuit 110 (corresponding to a 
regulator) and smoothing capacities 111 and 112. The shunt circuit 110 clamps a supply 
1 5 voltage H to a predetermined voltage. 

FIG. 3 is a diagram for explaining the operating principals of the rectifier circuit 80. 

FIG. 3(a) is a diagram showing an alternating voltage 120 produced at the antenna 
coil 62 in transmitting ASK-modulated data from the reader/writer 64 at a transmission 
frequency of 13.56 MHz used for communications with the non-contact IC card 60, 
20 wherein a voltage with reference to the pad 90 is designated as a voltage 121. 

Assume that digital data are ASK modulated and the ASK-modulated data are 
transmitted from the reader/vso-iter 64 using an encoding scheme NRZ. In this case, when 
the reader/writer 64 transmits "H" level data, the alternating voltage 120 produced between 
the ends of the antenna coil 62 has a high level. When the reader/writer 64 transmits "L" 
25 level data, the alternating voltage 120 produced between the ends of the antenna coil 62 
has a low level. 

A description will be given below of how the alternating voltage 120 produced 



between the ends of the antenna coil 62 produces a supply voltage. For the sake of 
simplification, the voltage 121 produced at a terminal of the pad 90 is considered as a 
reference voltage. 

A negative voltage 122 (supply voltage L) is produced by the diode 100 in the 
5 rectifier circuit 80. The supply voltage L is smoothed by the smoothing capacitance 111. 
A positive voltage 123 (supply voltage H) is produced by the diode 101 in the rectifier 
circuit 80. The supply voltage H is smoothed by the smoothing capacitance 112. 

Even when the radio wave 66 delivered firom the reader/writer 64 is constant, the 
alternating voltage 120 produced between the ends of the antenna coil 62 (between the 

10 pads 90 and 91) varies. The reason for this is that the distance between the non-contact 
IC card 60 and the reader/writer 64 varies. More particularly, when the reader/writer 64 
comes into close contact with the non-contact IC card 60, this increases the level of the 
altemating voltage 120. On the other hand, when the reader/writer 64 is away from the 
non-contact IC card 60, this decreases the level of the altemating voltage 120. 

15 As an example, consider the above with reference to the international standard for 

non-contact IC cards, ISO 14443 (the standard for proximity non-contact IC cards having a 
communication distance of approximately 10 cm). When the non-contact IC card 60 
comes into close contact with the reader/writer 64, the radio wave 66 received by the 
non-contact IC card 60 is five through ten times as intensive as when the communication 

20 distance is approximately 10 cm, though the intensity of the radio wave 66 received by the 
non-contact IC card 60 depends also on the shapes of both the antenna coil 65 of the 
reader/writer 64 and the antenna coil 62 of the non-contact IC card 60. In view of the 
above, assuming that the consumed power of the integrated circuit 61 is constant 
independently of the voltage, the supply voltage changes to five through ten times that 

25 when the communication distance is approximately 10 cm. 

More particularly, on condition that the voltage 123 reaches approximately 4 volts 
when the distance between the non-contact IC card 60 and the reader/writer 64 is 10 cm, if 
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the non-contact IC card 60 and the reader/writer 64 comes into close contact at 0 cm, the 
supply voltage 123 reaches 20 or more volts so that the built-in integrated circuit 61 is 
broken. 

Li order to prevent the integrated ckcuit 61 from being broken, the shxmt circuit 110 
5 clamps the supply voltage 123, thereby seemingly increasing the consumed current of the 
integrated circuit 61. 

FIG. 4 is a diagram showing voltage-current characteristics of the shunt circuit 110. 
When a MOS transistor is used as a final-stage transistor that determines the 
voltage-current characteristics in the shunt circuit 110 and the supply voltage becomes a 

10 predetermined threshold voltage or larger, the current expressed by a square function of the 
vohage passes through the shxmt circuit 110. When a bipolar transistor is used instead 
and the supply voltage becomes a predetermined threshold voltage or larger, the current 
expressed by an exponential function of the voltage passes through the shunt circuit 110. 
Referring to FIG. 4, while a supply voltage 123 of 4 volts hardly causes the passage of 

15 current, a supply voltage 123 of 5 volts causes the passage of a current of 10 mA. In 
other words, the shunt circuit 110 has the following supply- voltage characteristics: when a 
large current passes through the shimt circuit 110, the change in the supply voltage is 
reduced. 

FIG. 3(b) is a diagram showing the change in supply voltage when the distance 
20 between the non-contact IC card 60 and the reader/writer 64 commxmicable with each 
other is a long distance. 

When "H" level data are transmitted jfrom the reader/writer 64, a supply voltage H is 
at a high level (approximately 5 volts). On the other hand, when "L" level data are 
transmitted therefrom, the supply voltage H is at a low level (approximately 4 volts). 
25 FIG. 3(c) is a diagram showing the change in supply voltage when the distance 

between the non-contact IC card 60 and the reader/writer 64 communicable with each 
other is a short distance. 



When "H" level data are transmitted from the reader/writer 64, a supply voltage H is 
at a high level (approximately 5.5 volts). On the other hand, when "L" level data are 
transmitted therefrom, the supply voltage H is at a low level (approximately 5.3 volts). 

More particularly, as shown in FIG. 3(c), the shunt circuit 110 increases the supply 
5 current to be passed therethrough with an increase in the supply voltage H. Therefore, 
the increase in the supply voltage H enhances the ability of the shunt circuit 110 to allow 
current to flow. This suppresses changes of the supply voltage H and prevents the supply 
voltage H from reaching an overvoltage. 

In addition, as shown in FIG. 2, the insertion of a resistor 4 in the input side of the 
10 rectifier circuit 80 enhances the suppression of the supply voltage using the shimt circuit 
110. An input voltage to the demodulation circuit 83 can be set at or below a 
predetermined voltage by inserting a resistor 3 in the input end of the demodulator 83B. 

Thus, in order that the non-contact IC card 60 can be operated with stability at a 
short distance from the reader/writer 64, the upper limit of the supply voltage H is 
15 suppressed by the shunt circuit 110 serving as a regulator to prevent the supply voltage 
from increasing and further the current supplying ability of the rectifier diode 101 can be 
suppressed by the resistor 4. This can allow the range of the supply voltage to be set at or 
below an acceptable value. 

Although the input voltage to the demodulation circuit 83 can be set at or below a 
20 predetermined voltage by inserting the resistor 3 in the input end of the demodulator 83B, 
it is difficult for the demodulation circuit 83 to demodulate data with stability. The 
reason for this is that a data signal component fed to the demodulation circuit 83 is decayed. 
In order to make the voltage supplied to the input end of the demodulation circuit 83 small, 
a direct current must be allowed to pass through the demodulator 83B after feeding the 
25 voltage to the demodulator 83B. This causes power transmitted from the reader/writer 64 
to be wastefiilly consumed. As a result, a current passing through the power supply 
circuit 81 decreases. This makes it difficult for the integrated circuit to obtain a sufficient 
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supply voltage at a long distance from the reader/writer 64. As described above, an 
integrated circuit of a typical structure cannot still ensure a stable data demodulation and a 
sufficient supply voltage. 

In this relation, in light of the above, an integrated circuit of an embodiment of the 
present invention will be described hereinafter. 

FIG. 5 is a block diagram for explaining a semiconductor integrated circuit 61 in a 
non-contact IC card 60 serving as a non-contact information medium according to the 
embodiment of the present invention. A rectifier circuit 80, a power supply circuit 81 and 
a demodulator 83A located in an analog circuit 70 are specifically shown. Components in 
common with those of FIGS. 1 and 2 are denoted by the same numerals. 

Unlike the demodulator 83B shown in FIG. 3, the demodulator 83A shown in FIG. 5 
includes a capacitance 5 provided to the input end of the demodulation circuit 83 and 
between the interconnection point between a resistor 3 and a diode 1 and a grounding 
conductor. 

More particularly, as shown m FIG. 5, a pad 91 of the integrated circuit 61 is 
connected to a node a located at one end of a resistor 4, and a node b located at the other 
end of the resistor 4 is connected to the cathode of the diode 100 and the anode of the 
diode 101. Fiuthermore, the input end of the demodulator 83A is also connected to the 
node a interconnecting the pad 91 and the resistor 4. That is, a node located at one end of 
the resistor 3 is connected to the node a, and the capacitance 5 is coxmected to a node 
located at the other end of the resistor 3. 

The resistor 3 of the demodulator 83A is formed of an interconnect such as 
polysilicon. This facilitates fabrication process steps for a semiconductor integrated 
circuit. 

When a radio wave 66 transmitted from a reader/writer 64 is fed to the demodulator 
83 A, a high-frequency component (13.56 MHz) is blocked by a low-pass filter formed of 
the resistor 3 and the capacitance 5, thereby adjusting the radio wave 66 to allow the 
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passage of the frequency of a data component (106 kbps). In this way, only the data 
component passes through the diode 1 and is smoothed by the smoothing capacitance 2. 
The smoothed data component is fed to the demodulation circuit 83. 

Since in this way a low-pass filter is formed of passive elements, i.e., the resistor 3 
5 and the capacitance 5, the data component is decayed, thereby obtaining a stable 
demodulated signal. Since the overvoltage produced at the input end of the demodulation 
circuit 83 can arbitrarily be reduced to or below a predetermined voltage by removing the 
high-frequency component (13.56 MHz), this can prevent the input vohage of the 
demodulation circuit 83 from reaching an overvoltage. This eliminates the need for 

10 allowing a direct current to pass through the demodulator 83 A. Therefore, it becomes 
possible for the integrated circuit to obtain a sufficient supply voltage in the power supply 
circuit 81 at a long distance from the reader/writer 64. 

Since as described above in this embodiment a low-pass filter composed of a resistor 
3 and a capacitance 5 is formed to the input end of the demodulation circuit 83, this 

15 prevents the amplitude of a data signal fed to the demodulation circuit 83 from decaying. 
This makes it possible to demodulate data with stability and reduce the voltage supplied to 
the input end of the demodulation circuit 83 to or below an acceptable value by removing 
the high-frequency component. 

In view of the above, the non-contact IC card 60 can allow the supply voltage and 

20 the input voltage to the demodulation circuit 83 to be reduced to or below an acceptable 
value at both a long distance and a short distance from the reader/writer 64. This makes it 
possible to provide a semiconductor integrated circuit that can demodulate data with 
stability independently of the change of the communication distance. 

In this embodiment, a description was given of the case where the rectifier circuit 80 

25 serves as a voltage-doubler rectifier circuit. However, even if the rectifier circuit 80 
serves as a fiill-wave rectifier circuit or a half-wave rectifier circuit, the present invention 
can be carried out likewise. 
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INDUSTRIAL APPLICABILITY 

As described above, the semiconductor integrated circuit of the present invention 
prevents the input voltage of the demodulation circuit from reaching an overvoltage and 
5 can demodulate data with stability independently of the change of the communication 
distance. This makes it possible for the integrated circuit to ensure a sufficient supply 
voltage. The entire semiconductor integrated circuit can be stably operated without 
requiring a large-scale circuit. Therefore, it is useful to apply the present invention to 
non-contact information media, such as IC cards. 
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